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236 PLATE GIRDERS [Chap. 8
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Fig. 8.4 Plate Buckling Due to Pure Bending

tion will occur until the critical buckling stress F., is reached. At this
point, the web is in a condition of unstable equilibrium. Any further
increase in the applied moment will cause the web to buckle according
to one of the solid curves of Fig. 8.4d, assuming a deflected shape similar
i to that shown in I'ig. 8.4c. However, if the web has some initial deflec-
| tion w, at the center, the behavior will be that shown by the dashed line
in Fig. 8.4d; no sudden buckling will occur but deflection will increase
gradually as the moment increases. Although in all practical cases
some initial out-of-straightness will exist, the theoretical case of an
initially perfectly plane web is used as a basis for design rules.

s An expression for the critical buckling stress F., is derived in Art.
17.3 and is rewritten here as

_ kniE t\?
—vmm:%’ Fcr = m (;;) (8.1)

where % is the buckling coefficient, E is the modulus of elasticity (for
steel, £ = 29,000 ksi), u is Poisson’s ratio (for steel, u = 0.3), ¢ is the
plate thickness, and /: is the web depth or clear distance between flanges.
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Art. 8.2] BUCKLING STRENGTH 237

Tt should be noted that F.. can be either a critical compressive stress due
to bending or a critical shear stress, depending on the loading condition.
The coefficient k is a function of the plate geometry, loading condition,
and the edge conditions.

The basic factor of safety used in the AASHO Specifications is F,/F}, =
33/18 = 1.83. Although the design rules developed in the following
are based on the buckling strength of the girder web or a portion of the
stiffened web, the existence of post-buckling strength will be recognized
by the use of appropriately reduced factors of safety for certain types
of web buckling.

1. Design for Bending

Limiting Slenderness Ratios. Equation 8.1 can be solved for the
slenderness ratio /¢ with y = 0.3, thus

h kE
7 = 0951 7 (8.2)

Tor a plate subjected to pure bending, the buckling coefficient & cannot
be less than 23.9.7¢ Substituting this value in Eq. 8.2, the web slender-
ness ratio h/t becomes

h . |E
z‘ = 4.65 VFM (8.3)

—p  Since a plate girder will not fail when web buckling due to bending
occurs, the applied loads can be increased beyond the buckling load
(see Art. 8.3). This post-buckling strength is utilized by adopting
limiting slenderness ratios which inherently provide for a low. factor of
safety, F.8. = 1.2. Thus, the critical stress F., is limited by the product
of the maximum allowable bending stress (max. Fy, = (18/33)F,) and
the factor of safety, F., = 1.2F,. Substituting this expression into
Eg. 8.3 and using E = 29,000 ksi, the AASHO limiting web slenderness
ratios for various types of steels are obtained as shown in Table 8.1.

Table 8.1  AASHO Limiting Slenderness Ratios—No Longitudinal Stiffener

Type of Steel Max. Fy (ksi) Max. h/t
Structural carbon 18.0 170
Structural silicon 24.0 145
High-strength low-alloy
(3 to 14 in.) 24.0 145

High-strength low-alloy
(under % in.) 27.0 140
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